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Abstract. The chemical composition of propolis was investigated. This type of investigations 
was extremely valuable with respect to propolis standardization and practical applications in therapy. 
In this study are two methods presented for two flavonoids group determination: flavone/flavonols 
(FF)–AlCl3, and flavanones/dihydroflavonols (FD)–2,4-dinitrophenylhidrazine.Transylvanian propolis 
taken into analysis had an amount of 6.61% flavone/flavonols, 3.02% flavanones/dihydroflavonols and 
about 10% total flavonoids typical for propolis derived from Populus sp. Total phenolic content was 
measured by the Folin-Ciocalteu procedure using a mixture of Pinocembrin and Galangin as internal 
standards. The analyzed samples of propolis presented an average of 35.60% of phenolic compounds. 
The extraction of active principles from propolis was performed and the average of the extraction 
yield was found to be 60% ± 7.7%.    
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INTRODUCTION 
 
Propolis or “bee glue” is a complex mixture of resinous substances collected by 
honeybees Apis mellifera from leaf and bud exudates and mixed with saliva and other bee 
secretions – wax (Mărghitaş, 2005). These resins are used to seal the cracks in the hive, to 
keep a low concentration of bacteria and fungi in the hive and to embalm the animals killed 
after invading the colony (Burdock, 1998; Mărghitaş, 2005). The term “propolis” was used by 
authors in Ancient Greece: pro which means in front of / at the entrance to and polis as city / 
community (Bankova, 1999; Mărghitaş, 2005). 
Propolis has been used in folk medicine for many years, and there is substantial 
evidence indicating that propolis has antimicrobial, anti-inflammatory, antioxidant, 
immunomodulatory properties (Bakmaz, 2004).   
The main components of propolis are typical Aigeiros poplar phenolics: flavonoid 
aglycones and cinnamic acids and their esters (Popova, 2004). Bees significantly modify the 
original propolis composition in order to produce a cement-like substance that can be 
considered of both plant and animal origin (Bonvehi, 1994).   
This study is focused on analysis of propolis from Transylvania region. The extraction 
yield, total flavonoids and phenolic acids was determined. The paper presents and compares 
the result we have obtained with the ones from Europe, regarding the main constituents of 
poplar propolis. Traditionally, the fraction soluble in 70% Ethanol was extracted and referred 
to as propolis balsam (Cunha, 2004).  
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The chemical composition of propolis is highly variable, depending strongly on the 
plant source available to the bees (Popova, 2004; Stan, 2005).  
 
MATERIALS AND METHODS 
 
Propolis samples: 
Propolis samples used for this study were collected from 7 Transylvanian counties: 
Cluj, Bihor, Sălaj, Sibiu, Alba, Satu Mare, Hunedoara, during 2008 – 2009. The samples were 
selected from stationary and migratory apiaries and most of them were gathered by scrapping 
from the frames (see details in Table 1). They were all kept in deep freezer (-20°C) until 
analysis.  
Tab. 1  
Description of propolis samples used in this study 
 
No. Sample 
code Apiary type Geographical origin Collection period Harvesting method 
1 PS1 Stationary Bucea, Cluj county March 2009 Hive tool 
2 PS2 Stationary Cuiesd, Bihor county March  2009 Hive tool 
3 PS3 Stationary Bocsita, Salaj county March 2009 Hive tool 
4 PS4 Stationary Zimbor, Salaj county Sept-Oct. 2008 Hive tool 
5 PS5 Stationary Poenita, Sibiu county June-Aug. 2008 Hive tool 
6 PS6 Stationary Ocnisoara, Alba county Sept-Oct. 2008 Hive tool 
7 PS7 Stationary Ciucea, Cluj county Sept-Oct. 2008 Hive tool 
8 PS8 Stationary Poenita, Sibiu county April 2009 Hive tool 
9 PS9 Stationary Halmeu, Satu-Mare 
county March-April 2009 Hive tool 
10 PS10 Stationary Tiream, Satu-Mare 
county April 2009 Hive tool 
11 PS11 Stationary Bobalna, Hunedoara 
county Sept-Oct. 2008 Hive tool 
12 PP1 Migratory Deva, Hunedoara county Apr-Aug. 2008 Propolis collector 
13 PP2 Migratory Deva, Hunedoara county Apr-Aug. 2008 Propolis collector 
14 PP3 Migratory Marisel, Cluj county July-Aug. 2008 Propolis collector 
 
Chemical reagents: Ethanol absolute (code 32221, Riedel-de Haën, Germany), 
Methanol HPLC (code 1.06007.2500, Merck, Germany), Folin-Ciocalteu phenolic reagent 
(cod 1.09001.0500 Merck, Germany), Sodium carbonate, AlCl3 analytical grade cod 
8.01081.0100 Merck, Germany, DNP 2,4-dinitrophenylhydrazyn analytical grade 
1.03081.0100 Merck, Germany, Potassium hydroxide, analytical grade.  
Standards: Galangin (code 48291, Fluka, USA), Pinocembrin (code P 5239 Sigma-
Aldrich, Germany), Caffeic acid, Vitamin E (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carbonsäure, code 56510 Fluka, Danemark). 
 
Instrumentation: 
Spectrophotometric measurements were performed on Shimadzu Spectrophotometer 
UV-1700 equipped with 1cm quartz cells.  
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Methods: 
1. Propolis extraction:  
The propolis extract was prepared in order to remove coarse debris and excessive wax.  
Prior to extraction all propolis samples were powdered in a coffee mill. Extraction by 
maceration was performed by using exact 1g of propolis with 30 ml 70% Ethanol and left to 
stand for 24h at room temperature with continuous agitation. It was then filtered and the 
procedure repeated 2 times. All extracts were combined and diluted to 100 ml with 70% 
Ethanol in a volumetric flask and further used for flavone/flavonols content determination.  
An aliquot of 3ml of every extraction solution was transferred into a volumetric flask 
and diluted to 50ml with Methanol. It was further used to determine total phenolics and 
flavanone/dihydroflavonols content. 
2. Extraction yield: 
2ml of each of the three parallel extracts were evaporated in vacuo to dryness and to 
constant weight. The percentage of balsam was calculated by the formula: P (%) = 
(g/2M)*100, where M represents the mean weight of the propolis sample taken for extraction.  
This evaluation was performed in triplicate and the mean of the three values was determined. 
3. Quantitative determination of flavone/flavonols, flavanone/dihydroflavonols and total 
phenolics: 
The methods reported by Popova, 2004 were used to quantify the phenolic compounds 
from propolis samples. All these methods are based on formation of stable colored 
compounds from flavonoids and phenolics with specific reagents. Determination of 
flavone/flavonols was performed using AlCl3, and calibration curve (Y=1.13397* X–0.00443; 
r2=0.99916) was realized using Galangin as internal standard (4-40µg/ml). The group of 
flavanone/dihydroflavonols was determined by complexation with 2,4 Dinitrophenyl-
hydrazine, and Pinocembrin (0,14-1mg/ml) was used for calibration curve (Y=0.24135* 
X+0.00089; r2=0.99954). It is important to use different methods for quantification of these 
groups of flavonoids because they have different structural characteristics. Flavone/flavonols 
have their UV–VIS maxima between 390-440nm while flavanone/dihydroflavonols have 
maximum absorption at 310–320nm. 
Total phenolics were determined by Folin-Ciocalteu method using a mixture of 
Pinocembrin:Galangin (2:1, w/w) as standards for calibration curve (Y=0.70523*X–0.00332; 
r2=0.99410).  
 
RESULTS AND DISCUSSION 
 
The present study shows the flavonoid content determined by two independent 
spectrophotometric methods, one for determination of flavones/flavonols and the other for 
determination of flavanone/dihydroflavonols as reported by Popova, 2004. 
Most propolis samples were dark brown, with amber – reddish pieces and intense 
aromatic resin flavor. Extraction of active principles of propolis by this protocol resulted in an 
extraction yield from 42% to 70%, with a mean value of 60% ± 7.7%, see Figure1. Argentina 
issued the only valid standard for propolis. According to Argentinean legislation (IAN, 2004), 
the minimum quantity of balsam from propolis is 35%.  
In Figure 2 there are presented the results regarding quantitative determination of 
active principles from analyzed propolis samples.  
Flavone/flavonols are in the range of 2 – 18% in the studied samples. There are two 
samples with unusual high amount of flavone/flavonols, namely PS4, PS10 (18.98% 
respectively 15.96%). These samples do not have the same geographical origin or the same 
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harvesting period of time, and there is apparently no explanation for this high amount of this 
particular group of flavonoids. If we do not take into consideration these two samples, the 
average value for the remaining group is 4.8 ± 0.36% which is common for Europe. Literature 
data (Bankova, 2005; Popova, 2004) regarding the content of flavone/flavonols in poplar 
propolis from Europe (Italy, Bulgaria, Switzerland, Greece) present an average of 8 ± 4%. 
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* The values represent the mean of three determinations ± standard deviation. 
 
Fig. 1. Extraction yield of the studied samples 
 
The level of flavone/flavonols determined by the same method as in our study but 
using Quercitin as internal standard ranged from 0.14–0.41% in Croatian propolis tinctures 
available on market (Kosalec, 2003). Other samples of Romanian propolis were analyzed and 
the content of flavone/flavonols was determined to be 2.87±0.04% (Laslo, 2005).  Bakmaz, 
2004 studied the content of flavonoids in North Croatian propolis and found 1.25–2.34% 
flavone/flavonols with an average of 2.14% and 3.91–23.75% flavanone/dihydroflavonols.  
The group of flavanone/dihydroflavonols in our samples varied between minimum 2% 
and maximum 5%, with a mean value of 3.02±0.7%. Samples PS4, PS10 are standing out 
again, being the only ones with values above 3.6%. The average of flavanone/ 
dihydroflavonols in Europe is 6±2% (Bankova, 2005; Popova, 2004).  
The content in total flavonoids of analyzed propolis samples can be calculated by 
summing up the group of flavone/flavonols and flavanone/dihydroflavonols. Our findings in 
total flavonoids indicate a high variability: 5–24%.  Our findings are similar to those of other 
researchers (Bakmaz, 2004; Bankova, 2005; Kosalec, 2003) who found differences in all 
other classes in propolis compounds. Bakmaz, 2004 reported that the level of total flavonoids 
of the Croatian propolis is in the rage of 5 – 26%. Romanian samples were also studied 
(Mărghitaş, 2007a, 2007b) and the content of total flavonoids was reported to be 10.25% for 
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migratory propolis (collected from field areas) and 7.05% for stationary propolis (collected 
from hill and mountain areas). According to Argentinean legislation the minimum values for 
flavonoids in propolis is 1% and total phenolics minimum 5%. This is due to different vegetal 
origin of Argentinean propolis (Baccaharis dracuncufolia) which is rich in terpenoids and 
poor in phenolic compounds.  
The Folin-Ciocalteu method is the most widely used for spectrophotometric 
quantification of total phenolics (Bankova, 2004). The literature shows that the method was 
applied by using Galic Acid or Caffeic Acid as internal standards (Popova, 2004), however 
the mixture of Pinocembrin and Galangin in proportion of 2:1 provided acceptable results 
(Popova, 2004). The phenolics in propolis are formed by flavonoids and phenolic acids. The 
content in phenolic acids in our samples was determined by subtracting the flavonoids from 
total phenolics. 
Total phenolics in our propolis samples ranged from 25% to 49%. According to 
Argentinean legislation regarding the quality of propolis total resins soluble in Ethanol should 
be minimum 35%.  In Europe the average of total phenolics is 28±9% (Bankova, 2005). Other 
Romanian propolis samples which were investigated (Mărghitaş, 2007a, 2007b) were reported 
to have 26.82±0.04% of total phenolics for migratory propolis and 22.81±0.19% for 
stationary propolis.  
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* The values represent the mean of three determinations ± standard deviation. 
 
Fig. 2. Concentration of phenolic compounds in analyzed samples 
 
 
The highest amount of total phenolics (flavonoids and phenolic acids) and flavonoids 
also was obtained in sample PP1 (migratory propolis from Hunedoara). Sample PP2 
(migratory propolis from Hunedoara) had the biggest amount of phenolic acids (~30%) and 
the smallest amount of flavonoids (~5%).  
Both flavonoids and phenolic acids are responsible for immunostimulatory, 
antimicrobian and antioxidant activity.  
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CONCLUSIONS 
 
Our results showed very balanced concentrations of flavones and flavonols but high 
variability of flavanones concentrations in the 14 samples of propolis. The present 
investigation has shown that application of two individual and complementary methods 
(flavones/flavonols and flavanones/dihydroflavonols) offers a simple method for estimation 
of flavonoids for evaluating the quality of propolis.  
Propolis is a natural product which can be used for human treatment and also in 
veterinary medicine. However, the variability in the composition of the studied samples 
creates a problem for the pharmaceutical use of propolis and its quality control. The chemical 
composition of propolis is very complex and depends upon the plant source.  
Further research is needed on the chemical composition of propolis. Characteristics of 
the purity, like percentage of beeswax, insoluble residue, must be involved as well. 
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